The experimental use of halothane anaesthesia in open-heart surgery with cardio-pulmonary bypass by Bull, A.B. et al.
26 I5esember 1959 S.A. Ty'DSKRIF VIR GENEESKUNDE
SOME FOU1.'\TJ)ERS OF PHYSIOLOGY
1097
The suggestion has been made from time to time that a
course in the hist.ory of medicine should be instituted in
our medical schools. At present this subject is not ~ealt.
with in any detailed or systematic fashion, only scant refe!"-
ence being made by the occasional lecturer according to his
erudition or his feelings on a subject under discussion.
Some doctors however, are interested in medical history
-a subject which can be approached from a number of
different points of view.
A handsome little volume entitled Some Founders of
Physiology was specially compiled for the Twentieth Inter-
national Physiological Congress, held in Brussels in 1956,
copies of whi.ch can be purchased from the American Physio-
logical Society.l For reasons which are quite apparent,
the compilation of this book was no easy task, but a good
-measure of agreement was established among the various
consultants. The final choice for inclusion in the list of
famous scientists was left to the editor, Dr. Chauncey D.
Leake.
Among the problems confronting the editor were the
following: 'What is the concept of physiology? What are
the specific scientific problems which characterize the phy-
siological sciences? What is the relation of physiology to
these scientific disciplines which have separated from it,
such as histology, pharmacology, and biochemistry, or even
genetics or immunology? Who should be considered to be
physiologists? Should the choice be based on a single
great contribution, or be made as a result of considering an
individual's interests and influence in their entirety?'
The book contains a brief sketch of the most significant
contributions to science as well as a photograph (except
in a few cases) of every scientist mentioned. The fust five
names in the list are those of Hippocrates, Aristotle, Galen,
Ibn-al-Nafis, and Leonardo da Vinci. There was some
doubt about the inclusion of Aristotle whose productivity'
in this field might be regarded as insufficient for his inclusion
as a physiologist. The inclusion of Leonardo da Vinci
also presented a problem because his physiological observa-
tions, many and important as they were, were probably
without significant direct influence' on the advance of this
science. The contributions of Vesalius had to be assessed
on the basis of his observations on muscular mechanics
and the heart beat, and those of Ibn-al-Nafis on his de-
scription of the lesser circulation.
It can readily be appreciated that great difficulties arose
in reaching an agreement on who were the really signi-
ficant physiologists. There can be no unanimity in the
choice and, except for a certain number of obviously eminent
physiologists of the past centuries, many names need to be
included to be fair to as many as possible who have ad-
vanced knowledge of the ways of action of living beings.
I. Leake, e. D. (1959): Some Founders of Physiology. Washington, D.e.:
The American Physiological Society.
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During open-heart surgery with cardio-pulmonary bypass,
the anaesthetist is faced with the problem of maintaining
anaesthesia without ,access to the lungs whilst extracorporeal
circulation is in progress. In addition, markedly altered
blood circulation raises problems with regard to the intra-
venous route of anaesthetic administration.
At the commencement of bypass, one is faced with the
mixing of two blood volumes-that of the anaesthetized
patient and that used to prime the pump oxygenator. This
mixing inevitably causes marked alteration in the level of
anaesthetic agents in the patient's circulation unless some
means of equalizing anaesthetic levels in the two blood
volumes can be achieved. In the lightly anaesthetized patient,
dilution of anaesthetic concentration may have the un-
desirable effect of causing excessive movement on the part
of the patient; even return of consciousness is not unknown.
The addition of intravenous anaesthetic agents to maintain
an even level of anaesthesia becomes extremely difficult to
judge and, as these agents are eliminated relatively slowly
from the body, control of anaesthesia may be far from
accurate. This makes the desired rapid post-operative
,. Paper presented at the 42nd South African Medical Congress,
(M.A.S.A.) East London, c.P., September-October 1959.
recovery from the influence of anaesthetic agents difficult
to achieve unless extremely fine judgment in their useis
exercised.
Further, the very light plane of anaesthesia usually em-
ployed in these procedures in order to promote rapid re-
covery may to a large extent be responsible for the metabolic
acidosis described by DeWall et af.1 It is felt that the un-
opposed sympathomimetic stimuli brought about .by the
trauma of surgery under light anaesthesia, perfusion ples-
sures which are considerably below normal blood pressures,
and relatively low perfusion rates as compared with- normal
cardiac output, play a significant part in causing the accumu-
lation of organic acids in the body during cardio-pulmonary
bypass. The effect of adrenalin on the production of organic
acid has been described by Griffith et al.'
The following properties of halothane (FIuothane) led
us to believe that this agent might be of some help in over-
coming these difficulties, and so it was decided to investigate
its usefulness in this respect:
1. The clinical use of halothane for cardiac and thoracic
surgery not requiring cardio-pulmonary bypass has shown it
to be capable of providing adequate and safe anaesthesia.
In children we use it regularly as the sole anaesthetic agent
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with nitrous oxide and oxygen for these procedures without
the use of relaxants or other intravenous agents.
2. The controllability of depth of anaesthesia with small
changes in inhaled concentration and the potency of thIS
agent would seem to indicate that blood-anaesthetic levels
are readily alterable in either direction.
3. Burn and Epstein3 have shown that halothane pro-
duces a -direct effect on blood vessels giving vaso-dilatation
and diminished peripheral resistance.
4. Severinghaus and Cullen' and Krantz et al. 5 have
produced evidence of depression of total oxygen consump-
tion and myocardial oxygen consumption during halothane
anaesthesia. Most recently, Orton6 and Orton et af.1 have
described the use of this property in producing brief circula-
tory occlusion in cardiac surgery and have shown a de-
creased production of .carbon dioxide as measured from
alveolar air samples during halothane anaesthesia for ordin-
ary surgical procedures.
With these factors in mind, it was decided to attempt to
use halothane with nitrous oxide and oxygen as the sole
anaesthetic agent on experimental animals for cardio-
pulmonary bypass procedures with the object of providing
easily controllable anaesthesia which might have the added
benefit of minimizing or avoiding metabolic acidosis by
virtue of depressing tissue metabolism and providing better
peripheral tissue perfusion through the vasodilator action
of halothane. Also, DobkinB has shown that no accumulation
- of fixed acid occurs with halothane anaesthesia.
To avoid excessive changes in blood-anaesthetic levels
at the start of and during cardio-pulmonary bypass, a method
of administering halothane via the oxygenator of the hean-
lung machine was attempted. This consisted of introducing
Fluothane vapour into the DeWall bubble oxygenator
with the oxygen stream. So as to interfere as little as possible
with standard procedure, it became necessary first to obtain
some rough idea in theory whether anaesthetic levels were
likely to be achieved and maintained. A blood-halothane
level of 20-25 mg. per 100 ml. of blood in animals has been
reported to give a fairly deep level of anaesthesia, and is
achieved after inhalation of I· 5 - 2 % halothane vapour.
If we then take this level of 20 mg.'% as an arbitrary target
to be reached in the oxygenator we can make some guess
at the minimum amount of halothane which must be offered
to the blood with the oxygen stream. We have found that
2 % concentration of halothane administered via the lungs
maintains deep anaesthesia in dogs and so again took 2%
as our arbitrary concentration to be introduced with the
oxygen to the oxygenator.
Now, by Avogadro's law, 197 g., i.e. the molecular weight
of halothane in g., is the weight of 22·4 litres of halothane
vapour at S.T.P.;
or, corrected to average room temperature, 24 litres;
or 1 g. of halothane = 0·12 litres of halothane vapour;
or 1 mg. of halothane = 0·12 rnI. of halothane vapour;
or 1 mg. of halothane is contained in 6 rnI. of 2 % halothane
vapour.
Therefore, using 2% halothane via the oxygenator, each
ml. of blood must be offered the halothane contained in
1.2 ml. of 2 % halothane vapour if introduced with the
oxygen. This is a basic minimum possible if all the halothane
is accepted by the blood. It falls well within the standard
gas/blood flow ratio employed in the DeWall oxygenator, _
this being 3 : 1, which gives an available O· 5 mg. of halothane
to each ml. of blood. Raventos gives the solubility of halo-
thanein blood at 37°C as 1·16 g. per 100 C.c. This saturation
figure is some 58 times the amount of our arbitrary target
figure of 20 mg. per 100 rnI. for anaesthesia. It seemed quite
possible then that a satisfactory blood level of halothane
might be achieved through the bubble oxygenator with 2%
halothane vapour; also that this low percentage would
cause little or no effect on the oxygenation of the blood.
As a preliminary, 5 dogs were subjected to standard
cardio-pulmonary bypass procedures as described by
McKenzie and Barnard9 but with the addition of 2 % halo-
thane vapour introduced with the oxygen. To achieve this,
a 'FIuotec' vaporizer was placed in the oxygen line. Both
TABU I
Durarion Art. O. Art. CO.
Dog of Operative Ven. O. Ven. CO.
No. Bypass Procedure (Vols. %) (mEq.jlitre)
(minutes)
54 Y 100 26
73 30·5




3 .,' RV 100 26-~
64 32
4 50 RA 98 29
75 35
5 51 Nil 105 20
74 26
RV=Right ventriculotomy. RA=Right atriotomy. Y=Right
vemriculotorny with induced cardiac arrest with potassium citrate.
during priming of the machine with blood and during the
time of bypass, this vaporizer was maintained at a 2 %
setting. All these dogs survived for a minimum period of
7 days. No EEG or pressure studies were performed. All
the animals were awake within 20 minutes of the end of
the operation. The duration of bypass, perfusion rates,
operative procedure and results of blood-gas analysis are
given in Table I.
From clinical observation· in these 5 dogs it appeared
that the procedure was entirely practical, that satisfactory
anaesthesia could be easily maintained, and that recovery
was rapid and uneventful and without post-operative sequelae
which could be attributed to the anaesthetic.
An attempt was next made to determine blood-halothane
levels when 2 % halothane was introduced with the oxygen
during priming and bypass without in any way interfering
with 'standard procedure' regarding oxygen/blood flow
ratios and perfusion rates. Samples were taken during
bypass as· indicated in Fig. 1 and subjected to analysis for
halothane content by a modification10 of the method described
by W. A. M. Duncan of I.e.I. Laboratories. In each experi-
ment, Sample I at '0' on the graph ordinate (Fig. 1) repre-
sents the arterial blood-halothane level of the dog before
bypass is commenced. Sample IT was taken from the arterial
line of the pump during the first minute of bypass in an
attempt to get the level attained during priming and after
the blood had stood in the helix reservoir during placing of
catheters in the dog. Subsequent samples were taken from
the arterial line at the times of bypass indicated in Fig. 1.
It will be noted that the widest variation in concentrations
occurs immediately after the start of bypass in the samples
taken from the arterial line during the first minute. These
samples should reflect the halothane levels in the helix
•
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The levels obtained from femoral-artery samples taken
before bypass reflect the concentration attained by giving
halothane 2 %via the dogs' lungs during preliminary thoraco-
tomy and preparation for bypass. Their variation may,
in some part, be due to fue duration of anaesthesia-and
to variations which occurred in minute volume of manual
pulmonary ventilation-up to this point in the surgical
procedure.
Throughout bypass, adequate anaesthetic levels were
maintained and in no case did the upper limit of concentra-
tion reached give any indication that a safe level was ex-
ceeded.
Information regarding oxygen uptake and the effect on
acid/base balance has not yet become available and in-
O·'-----.....----......----......-----~ vestigation on this aspect is proceeding.
10 20 30 40 This technique of anaesthesia has recently been carried
TIME OF BYPASS. IN MINS!. into clinical use and is at present standard practice during
open-heart procedures, both at the Red Cross War Mem-
orial Childrens' Hospital and at Groote Schuur Hospital,
Cape Town. Up to the time of writing 20 consecutive cases
have been anaesthetized by this method, with excellent results.
This will form the subject of a further communication.
Fig. 1. Values of samples a: '0' minutes indicate halothane
levels of femoral-artery samples just before start of bypass.
Other points indicate time and halothane level of samples








after priming and standing, and the variation is probably
due to:
(a) The low rates of oxygen flow used during priming,
i.e. less than 2 litres per minute, which is known to be the
lowest flow at which the 'Fluotec' vaporizer used will function
accurately according to its settings.
(b) Inconstant gas/blood flow ratios through the oxy-
genator during priming.
(c) The probability that some halothane may be taken
up by the plastic tubing of the pump oxygenator system.
(d) Dilution of helix reservoir blood with saline used
during the de-bubbling process.
(e) Difficulty in accurate timing of sample-taking during
this critical phase of bypass.
KERATO-ACANTHOMA: AN ILLUSTRATION OF ITS BEHAVIOUR AND
SURGICAL MANAGEMENT
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'How poor are they that have not patience!
What wound did ever heal but by degrees?'
Shakespeare - Othella IT, 111.
A kerato-acanthoma (molluscum sebaceum) is an epithelial
tumour, commonly situated in the middle third of the face,
most often solitary, and usually benign. The growth is more
prevalent in those over 60 years of age. Squamous-cell
carcinoma of the skin occurs twice as frequently and ba~al-eell
carcinoma is 8 times as common.1 The tumour has the
habit of growing vigorously, and alarmingly, to reach its
maximum size in about 6 weeks, and then resolve. It was
for this behaviour that the growth acquired the title of
'self-healing carcinoma'.
Marshall and Findlay2 expressed the opinion that kerato-
acanthoma is derived from the pilar apparatus and that the
tendency to spontaneous healing may be due to the fact
that the turnour is extruded after a time in the same manner
as hairs are from the hair follicle. The unilateral distribution
in a case of multiple lesions (Ferguson-Smith type) led
Marshall and Pepler3 to suggest that the condition might
be naevoid in origin. Thomson1 regarded the changes,
whatever the excitant, as neoplastic and connected with the
pilo-sebaceous follicle. He attributed the self-healing nature
of the tumour to a dilution and destruction of the irritant
by the violent reaction of the cells.
In the case here reported the patient, with an unusually
large kerato-acanthoma of the nose, was observed over a
period of 3 months.
CASE REPORT
Mrs. M., a naturalized South African born in Holland, and aged
68, was referred to the plastic surgery department of the Johannes-
burg General Hospital on 24 April 1955. Her story was that 6
weeks before admission she had noticed a small pimple-like
elevation on the end of the right side of her nose, that this small
lesion was excised in the casualty department of the hospital,
and that the wound failed to heal. Out of this area a progressive
growth of a tumour-like mass of tissue had occurred.
